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During the last 25 years, two species of Eleutherodactylus
frogs, coqui and greenhouse frogs, have become established
in Hawaii and other Pacific Islands. Coqui frogs, Eleutherodactylus coqui, were introduced to Hawaii prior to 1988 via
the horticultural trade (Kraus & Campbell 2002). Since their
introduction, the number and size of coqui frog infestations
have rapidly increased and frogs have spread throughout the
four main Hawaiian Islands with the largest infestation on the
island of Hawaii. Coqui frogs are small (<65 mm in length)
nocturnal tree frogs that are endemic to the island Puerto Rico
(Beard et al. 2008). They are completely terrestrial and do not
need open water for development because the frogs develop
directly from eggs into small froglets. The most distinctive
feature of coqui frogs are their loud two-note mating call,
“ko-kee” and the call from a single male may exceed 85 db
at 0.5 m (Beard & Pitt 2005). In Hawaii, coqui frogs have
few predators, few competitors, abundant food resources and
ideal climatic conditions. Populations of frogs are abundant
in Hawaii with population densities exceeding 90,000 frogs
per ha (Beard et al. 2008).
As a result of the extremely dense frog populations and the
loud mating call, coqui frogs have affected Hawaii’s environment, economy, and human health. In areas with high frog
densities, frogs may consume 690,000 invertebrates/ha/night,
reduce invertebrate diversity, and may impact native invertebrate species (Beard 2007; Choi & Beard 2012). Indirectly,
the large coqui populations may also alter nutrient cycling
and plant herbivory, which could affect the native plants and

the invasion of non-native plants (Sin et al. 2008). Coqui
frogs may also compete with native species, provide food for
invasive predators, or facilitate the establishment of other
invasive species, such as the brown tree snake (Boiga irregularis). Due to the loud mating calls and dense populations,
many people do not wish to reside in areas with coqui frogs
because they disturb their sleep and night time tranquillity.
This noise disturbance has led to decreases in property values
of land occupied by coqui frogs (Kaiser & Burnett 2006).
Moreover, the reluctance of people to risk purchasing products infested with frogs or frog eggs has led to many impacts
on the floriculture industry. Plant growers have experienced
decreased sales, increased quarantine procedures, destruction
of plant shipments, and increased pest control costs (see Beard
et al. 2009 for a review). These increased costs have forced
several plant producers to move or go out of business.

Management options

For the last 15 years, many options to control frogs have
been considered, but few have been proven effective and safe.
Prior to this time, very little research had been conducted on
managing invasive frogs anywhere in the world. The problem
with developing a control method for frog populations was
the method needed to be effective against individual frogs,
would be applied over large areas, be effective in a variety of
environments, be safe for non-target plants and animals, and
be safe and effective to implement by the general public. After

Figure 1. A typical coqui frog on a Codiaeum variegatum leaf (USDA APHIS
Wildlife Services’ National Wildlife Research Center).
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Figure 2. One day old coqui frog with a ruler for size reference (USDA APHIS
Wildlife Services’ National Wildlife Research Center).

years of research, few control options (mechanical, biological,
and chemical) remained for management of frog populations,
but some methods were effective under limited circumstances.

Mechanical methods

Many mechanical methods have been evaluated for controlling coqui frogs including traps, barriers, steam treatments,
vegetation management, and hand capture. Several traps were
developed that took advantage of the frogs need for daytime
retreats, male calling sites, and foraging efforts. Although the
traps were effective in capturing some frogs, they were not
effective at controlling large populations (Sugihara 2000).
Barriers were developed that consisted of tightly woven fabric
that prevented frogs from climbing onto the material and were
high enough that the frogs could not jump over the barriers.
The barriers prevented frogs from moving into smaller areas,
such as plant production facilities. Steam or hot water baths
are effective in treating plant shipments to control a variety
of pests. Frogs and frog eggs are killed when exposed to hot
water applied at 45 ºC for three minutes or when exposed to
steam applied at 45 ºC, 90 % humidity (Hara et al. 2010).
This technique is effective for plant shipments, but may
affect some sensitive plants. Removing or altering vegetation
has been effective at reducing the density of frogs in certain
areas. However, apart from removing all vegetation, frogs
still persist in areas with less attractive landscaping. Hand
capturing frogs is an effective way to remove a few individuals from specific locations. Typically, adult males are primarily captured because they can be located when calling, thus
even intensive hand capture operations are unlikely to reduce
populations over large areas.

quences. One disease organism that has been implicated
in frog population declines worldwide, the chytrid fungus
(Batrachochytrium dendrobatidis), is already established in
coqui frog populations in Hawaii and coqui frogs are relatively resistant to the disease (Beard & O’Neill 2005). Frog
parasites were also evaluated for their potential as biocontrol
agents. Only one parasite was identified from Puerto Rico
that could have an effect on coqui frogs, but the parasite did
not affect coqui growth or survivorship (Marr et al. 2008).
The release of a coqui predator has low potential for success
in controlling widespread frog populations. The high density
of coqui frogs in Puerto Rico reveals that coqui frogs would
be very abundant even with many predators, competitors,
and parasites. In Hawaii, many abundant predators eat coqui
frogs (mongoose, rats, chickens), but frogs do not constitute a
major portion of their diet and these predators probably have
little effect on coqui populations (Beard & Pitt 2006).
Biological control can also have unintended consequences
that affect other organisms or the environment. If a disease
were found that significantly affected coqui frogs, there is a
chance that a frog infected with a disease could be transported
to other states or countries. Thus, releasing a disease organism
may affect frog populations elsewhere and could restrict trade.
An effective frog predator, could also switch to eating native
species, such as birds, if it greatly reduced frog populations.

Biological control

Biological control or the release of organisms (disease, parasite, or predator) likely to combat the frog was initially
considered because Hawaii has no native frog populations.
Unfortunately, no diseases or organisms have been identified that would effectively reduce coqui frog populations and
release of non-native organism may have unintended conse-

Figure 3. Hand spraying a 16% citric acid solution to target coqui frogs in
vegetation. The hose is connected to a 400 gallon mobile tank system (USDA
APHIS Wildlife Services’ National Wildlife Research Center).
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Chemical control

Chemical control has been the most effective method to
control frog populations across the Hawaiian Islands. The
key to effective chemical control is developing a method that
is effective and safe for use in a variety of habitats. Since 1998,
US Department of Agriculture (USDA) conducted multiple laboratory studies to investigate potential frog toxicants
and evaluated more than 90 chemical agents (agricultural
pesticides and pharmaceutical and household products) and
170 chemical formulations (Pitt & Sin 2004a, Pitt & Doratt
2006). Only eight of the products were effective as frog toxicants and only three products (caffeine, hydrated lime and
citric acid) were at various points in time approved for frog
control. From 2001–2002, caffeine was approved for limited
use and although it was effective it never was approved for
widespread use to due to human health concerns. In 2002,
16% solution of citric acid, a common food additive, was
found to be effective in controlling frog populations with
minimal non-target effects (Pitt & Sin 2004b). Since that
time, citric acid has been used by government agencies, nurseries, and homeowners to manage frog populations across the
islands and in quarantine areas. Although safe and effective,
the primary drawbacks of a citric acid solution are the cost
of citric acid (~$0.26/liter), the need to haul water to mix
solutions, and some phytotoxic effects (leaf burn) to certain
sensitive plants. Hydrated lime was effective (3–6 % solutions) as a toxicant and popular to use because it was inexpensive (~$0.02/liter). In Hawaii, hydrated lime was legal for
use from 2005 to 2008, but widespread misuse of powdered
lime and caustic effects of the product resulted in the label not
being renewed. In response to the loss of the hydrated lime
label, potassium and sodium bicarbonate were evaluated as
solutions and as powders. Potassium bicarbonate was effective as a dust at an application rate equivalent to 111 kg/ha
of product or above 12 % as a solution. Sodium bicarbonate
was effective as a dust at an application rate equivalent to 444
kg/ha of product or above 25 % as a solution. Although effective and few non-target effects, neither product was registered
for use. Currently, citric acid is the only approved chemical
for controlling coqui frogs in Hawaii.

Conclusion

Currently, coqui frogs are widespread on the Island of Hawaii
with over 50,000 ha infested and few large scale efforts have
been taken to manage frogs in the past few years. However,
eradication efforts have been successful on the other islands
and current quarantine measures have reduced the number of
new populations arising. On Oahu, a large naturalised population has been eradicated using citric acid spraying and other
small or incipient populations have also been removed, therefore Oahu has no frog populations. On Kauai, most populations have been removed with citric acid spraying and a larger
population (6 ha) has been greatly reduced using a combination of citric acid spraying and vegetation removal. On Maui,
seven populations have been removed and six others have been
greatly reduced with citric acid spraying. One large population remains on Maui in Maliko Gulch, because steep terrain
has restricted ground based citric acid spraying. However, a

new effort has commenced that includes a several other methods to dispense citric acid including high volume sprayer, helicopter with fire fighting buckets, and trailer mounted spray
systems.
Overall, control of invasive species is difficult once the
species is established or widespread. Once coqui frogs were
initially established on the Island of Hawaii and Maui, little
effort went into controlling their spread, eradicating the
populations, or studying the problem despite warnings about
the potential impacts (Kraus & Campbell 1999). As is typical
for many species introductions, once coqui frogs were widespread, public calls for their control were initiated and funding was available for control but the probability of success
declined rapidly. The effort was not able to eradicate frogs
from the Island of Hawaii because they were widespread and
firmly established, but fortunately further spread was slowed
and frogs were eradicated from other islands. Obviously,
to stem the tide of invasive species efforts must be directed
toward reducing the introduction of new species, research on
methods development, and managing species before they are
widespread.
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